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INTRODUCTION 


The aims of the cooperation NASA/D FVLR/ONERA 


* Examine Re, M, and Transition effects on a very sensitive 
airfoil, systematically tested previously. 

* Evaluation of the airfoil characteristic prediction 

- comparison experimental/theoretical results 

• comparison adaptive walls/conventional wind tunnel 
results 

* Mutual help for T2 , 0.3m TCT , TWB (Braunschweig) 

- Gives us more experience for airfoil tests under 
cryogenic operation (second cryogenic airfoil tests) 

• lots of experience with adaptive wall techniques 


2 Series of Tests in T2 


-1 st in November 1984 

-2 nd in April 1985 


Model 


* Designed by Dornier 

* Manufactured by ONERA 

* Chords 180mm , Widths 560mm 

*103 pressure tapes (L.E. 0 0.1mm) 

21 thermocouples (15 in the skin region) 
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T2 Wind Tunnel 



* Transonic 

* Pressurized 

* Cryogenic 

* Adaptive walls 


- Air induction 

- LN2 injection 

• Internal insulation 



MACH 









2-D Adaptation 


2-D Adaptation Strategy 


Mea su**d U cat a on r he <*aiis. 
mi t tel it ape of the watts. 


Calculation of U, and v along the streamlines 
and protection onto »*••» 


E«ujool»iion of :h« w' j 


Direct Green tram form 

(a) u (m) . JL JL^l n 

Top and bottom ^ Jf *^ 


Separation of the t/ s into 4 terms, 
relaxation end prediction of the U&* 

Calculation of UD such that 

(P(*) [U t ~(U-*uprev}] tie- 


f, 


exp 

Top and bottom 


Adaptation Flowchart 


Set up test conditions 
Adjust flexible walls 


i "] 50 9 

Stabilize wind tunnel runj 


iS up to 


i.5 s 
1 .S 9 


Measure tunnel temperature and 
pressures, model pressures 


0.3 s 


I 


adaptation strategy] 

0.2 s 


extrapolation of tne u • U- -U— 

exp * txo 


inverse Green transform — v fx) 


Separation of the if s into 4 terms, 
relaxation and calculation of 


\ Store 

on disc | 


no 




v^y es 

ProOe 

wake 


Store 

on disc 




1 End 

of run | 


Adjust 

f lexidle walls 


Regulation] by computer. (M,P,T) Independent 

*- Pt , Tt , Pwalls , Zwalls , Pmodel, ... 


Measurements 


Mo ^ 

T 

theoretically ACX , AM =0 j “ 

Adaptation 


* Principle rather simple 

internal field- measured (wails) ^ Iterations until they are 
external fleld-calcuiated(Green) equal on the control surf. 
Accuracy of the method 

u,v extrapolation — > ±oo 
u,v streamline projection on a straight line 
Stateav rather complicated to obtain rapidly the convergence 

- Mo calculation (field around the model) 

- separation In 4 elementary terms 

- relaxation coefficients 

Convergence criterion : until no variations (Pwalls.Zwalls, 
Pmodel) 

* Convergence in 3 or 4 iterations in a run (each one ^ 5s) 

* Residual errors AMs 0.002 , AOC *+0.02° 


iteration loop 



Measurement Accuracy 


* Model : good quality (shape, surface roughness,...) 

(very important for Natural Transition, 

some problems at High Reynolds Number ) 

* Steady flow accuracy 


P { -3 bars 

Instrumentation 

Control 

Aerodynamic Field 

T t -120K 

* Calibration 

* Computer 

'Adaptive walls 

* Gradients 

M -0.8 
0.5 


process 
* Mechanical 





limits 



Pressure 

0.001 bar 

0.004 bar 



Temperature 

0.3 K 

0.4 K 


<0.5 K 
(wall: 10 K) 

Mach number 

0.002 

0.001 

0.002 


Angle of attack 

0.02° 


0.02° 



Control / Adaptive walls : AM « 0.005 Flexible wall shape : Ay- + 0.1 mm 

Model temperature Tv/Tg^,- 1.015 


* Flow quality (important for Natural Transition) 

- Pressure fluctuations ( low levels) 

- Velocity fluctuations (due to pressure fluctuations) 

- Temperature fluctuations ( seem reasonable) 

- Uniformity in the test section (good enough ) 

- Purity of the fluid ( moisture is the most important 

problem for flow quality in a cryogenic wind tunnel) 

* Side wall boundary layers 

seems a real problem ( Aa = 0.1 to 0.2° ) 




CAST 10 Tests inT2 



0.69 < M < 0.77 

+3° 

a 

-2° 

lot of values 


1 st series of tests * Natural Transition 


Rc = 4 . 10 6 

6 .10 6 < Rc < 30 .10 6 — 
Nb of runs = 160 


2 nc * series of tests 

Rc = 4 . 10 6 


T.N. 


M=0.7 a=+i° 

M=0.73 a=-0.25° 

« M=0.76 a=+0.25° 

M=0.765 a=+0.25° 
+some scatter points 


* Tripped Transition | 

h=0.045mm Xt/C = 5% 


6 .10 6 < Rc < 27. 10 6 


Nb of runs = 90 



0.7 < M < 0.765 

+4° 

a 

-2° 

lot of values 


M=0.7 a= +1° 
M=0.73 a = -0.25° 
M=0.76 a =+0.25° 
M=0.76 a = +1° 
M=0.765 a = -2° 
M=0.765 a = +2° 


( lower surface ) 

Rc = 4 . 1 0 6 

6 .10 6 < Rc < 14. 10 6 
Nb of runs = 45 



0.73 < M < 0.78 

+2° 

a 

-2° 

some values 


M=0.73 a = -0.25° 
M=0.76 a = +0.25° 


r*T* 




Measurements at each run 



* Tunnel 

— > 

Pt.Tt 

* M walls 

— > 

Infinite conditions Mo 

Z walls 


Streamline convergence 
(C L not exploited here ) 

* Kp 

> 

(^D^pressure 

* M model 

— > 

Shock location, B.LJShock wave interaction 
lam. Bubble , T.E. separation , L.E. peak , ... 

* Tw 

— > 

Equilibrium 

(B.L. information not exploited here) 

* Wake 

— > 

C D (Pt Ps and Tt probes, 400 pts in a wake) 
B.LVShock wave interaction 




Transition Detection 
in a Transonic Cryogenic Tunnel 



Surface 


Lines 


T = 300K 


100K 


/.visualisation 


- Infrared 


-(small C0 2 
icing ) 



Points 


-Skin friction 
gauges 

I 

- Thermocouples-* 


used for CAST 10 tests i 

not exploited 1 


Tdentification 


Mach number 
on the airfoil 

1 

Wake shape 


Laminar bubble 
separation 

"Bump" if 
Mlocal=1 




Lam. or Turb. 
B.L./Shock wave 
interaction 


Estimation 

- Aerodynamic coefficients C D (Re) , C L (Re) 

- T.N. /T.D. comparisons 

- Experiment / calculation comparisons 









Reynolds Number Effects 


'Sr 


M 



Oil Visualisation 


Longitudinal Probing 


a =-0.25° 
M = 0.73 


(Jones’ criterion) 
J Mach number 


0.5 


. X t /C 


10.005 



Transition Location 



upper surface 


" 2 - 


Rc 


0.01 


o.oos 


ICC05 


001 


5 1 


Boundary Layer Computation 
(DERAT criterion) 


4 

Co 


8 10 14.10* 


,8 


O 

A 



6 8 10 12 14 x 10* ' 


Cf 


* Good correlation of the estimated transition locations 

from : - oil visualisation 

- longitudinal probing 

- local Mach number distortion 

- computation 

The transition location moves with the Reynolds number 

- regularly on the upper surface 

- suddenly on the lower surface (60 %— >l.E. for Rc=7.io 6 ) 

* These transition displacements explain the C D (Re) evolutions 

- direct Re effect : (Re /) — > (C D \) 

-indirect Re effect : (Re /) — > (Xt/C\ ) — > (C n /) 
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Natural Transition 


0775 

- 0 7<ii ; N 

\ \ 

( " ! ' , \= lS 

l***** ^***«* 

Mach number variation 
a =+0.25° 


Angle of attack variation 
M=0.765 


iM o=0,7 6 5 


Rc = 4 ,10 6 


- 2-10123 


. 2-1 0 1 2 3 


•Unusual C L (a) and C D (a) evolutions at Rc=4 .10 6 

due to transiti on displacements 

upper surface lower surface 

a<-1° lam. Peak at the L.E. 

(X=0° (turb.) 

a> 0° lam. 60% 

( must be examined for each Mo ) 

* + Classical effects of shock wave, and T.E. separation 







Mach 


T.N /T.1/2D. /T.D. Comparison 



© Rc = 7.8 10 6 


M = 0.76 as+0.25' 




T 

T 


0 RC = 13.10 6 


© Rc = 25 .10® 


At low Re : very different 

T. 1 / 2 D. 



Shock wave location 

Transition . 

L.E.|< 

At high Re : T.N. = T.D 



with Re 


T.N. 

— Xt/C 


with Re 
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CAST 10 Airfoil Characteristics 

Rc=4 .10 6 



Very different results with boundary layer conditions 
Smoother curves in T.D. 

The divergence Mach number is not very affected 
but, C D levels are different 

(C L )max is h '9 her in T.N. 

Typical C L (C D ) laminar airfoil shape (M=0.765) 

(C L / C D ) ratio higher in T.N. 


5 






Aerodynamic Coefficient Evolutions 
with the Reynolds Number 


M = 0.76 a =+0.25 


6 10 14 20 


8 10 14 20 


* Comparison of (T.N. / T. 1 / 2 D. / T.D.) 

- precises the transition motion in T.N. , 

- precises the CD and CL evolutions , 

- partly dissociates what is due to upper and lower surfaces 

- gives confidence in the results 

* The CAST 10 airfoil is still laminar atRc=8.10 6 

this must be considered as a success forT2 performances 


At Rc^ 20 .10® , transition is near the L.E. 








Conclusions 


- Good model quality (necessary for T.N. measurements) 

*T2 tests 

- General characteristics of the CAST 10 airfoil 

( M , (X , Rc , Free/Fixed transition ) 

- Fundamental studies on Reynolds number effects 

o The T.N. and T.D. evolutions are very different 

o Comprehension of phenomenon in T.N. 
o Interest of the laminar airfoil 

- Analysis of some special points 

oTw/Taw effects 

o Thermal equilibrium 

o Estimation of the transition location under cryogenic 
operation 

o Cross control for Rc ( P,T ) 

- Good T2 cryogenic operation 

® Adaptive wall functioning = T.amb. 

o Laminar studies : O.K. for Rc$8.10 6 

pbs at higher Reynolds Number 
o Improvements must be done 

for moisture elimination 

for side wall boundary layer effects 

* Comparison with prediction metho ds 

— > ONERA results (J. Thibert) 

* Comparison with others tunnel resu lts 

— > ( J. Thibert ) and (workshop) 





TEST DATA ANALYSIS 
AND 

THEORY - EXPERIMENT COMPARISONS 


J. J. THIBERT 

TRANSPORT AIRCRAFT DIVISION 
AERODYNAMICS DEPARTMENT 
ONERA (FRANCE) 



ONERA / DFVLR / NASA COOPERATION 
ON CRYOGENIC AND ADAPTIVE WALLS 
TECHNOLOGIES FOR AIRFOIL TESTING 


- OBJECTIVES 

EXPERIMENTAL TEST ON THE CAST 10 AIRFOIL 
IN THE ONERA T2 TUNNEL IN ORDER TO PROVIDE 

MmflHBHmST reynolds number 

iE° V TR% IS V?,MD 0F T5iJ i y E A LS 0N ™ E SAME M ° DEL ' N 


„ CAST 10 AIRFOIL WORKSHOP 
SUMMARY OF THE PRESENTATION 


T2 TEST ANALYSIS 
T2 - TCT DATA COMPARISONS 
COMPUTER CODES DESCRIPTION 
THEORY - EXPERIMENT COMPARISONS 
CONCLUSION 
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T2 TEST ANALYSIS 


-- TRANSITION EFFECT 
M = 0.765 Re = 4 X 10 6 
-- REYNOLDS NUMBER EFFECT 
M = 0.765 0= 0.25 

-- TRANSITION EFFECT 
M = 0.765 Re = 20 X 10 6 
-- MACH NUMBER EFFECT 
fixed transition 
Re = 25 X 10 6 0 =0.25 

— REYNOLDS NUMBER EFFECT 
M = 0.73 a =0.25 


CAST 10 AIRFOIL 
MODEL 
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T2 TESTS 

EVOLUTION OF THE LIFT COEFFICIENT WITH THE REYNOLDS 

NUMBER 


Mo* 0.76 
dm 02V 



Free transition 

Fixed transition on lower surface 
' Fixed transition 


4 5 6 7 B 9 10 12 14 16 1820 25 30 35 40 x10 


T2 TESTS 

EVOLUTION OF THE DRAG WITH THE REYNOLDS NUMBER 


Mo .076 
a *0.25* 


Fret transition 


Fixed transition on lower surface 


Fixed transition 


5 6 7 8 9 10 12 14 16 1820 25 30 35 40 x!0 




















T2 


T.N. M»0 . 765 RE = 2 I . 106 


NUM. 

MACH 

ALPHA 

RE 

CZ 

CX 

CM 

121 

,764 

-2.00 21.3 

.110 

ooero 

• .07500 

77 

.762 

.25 

21.2 

.497 

.00930 

- .07500 

|Q| 

.762 

1 .00 

21 .2 

.620 

.01480 

- .08100 

1 16 

.769 

2.00 

21 .3 

.675 

.04050 

- .07600 



T2 T.D. M-0.765 RE»2I . 106 


MUM. 

MACH 

ALPHA 

RE 

CZ 

CX 

CM 

315 

.765 

-2.00 

20.9 

. 108 

.00910 

- .07500 

31 1 

.764 

1 .00 

21 .2 

.597 

.01360 

- .07800 

320 

.767 

2.00 

21 .0 

.692 

.03500 

- . 07600 
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T2 T.N.-T.D. M= . 765 RE*2I.I06 AL=«2 


NUM. 

MACH 

ALPHA 


RE 

CZ 

CX 

CM 

320 

.767 

2.00 

21 

.0 

.692 

.03500 

- . 07600 

1 16 

.769 

2.00 

21 

.3 

.675 

.04050 

- . 07600 




T2 EFFECT MACH EN T.D. RE=25.I06 AL=0.25 


NUM. 

MACH 

ALPHA 

RE 

CZ 

CX 

CM 

336 

.729 

.25 

24.5 

.450 

.00870 

- .06700 

296 

. 760 

.25 

25.2 

.478 

.00940 

- . 07000 

332 

.766 

.25 

25.0 

.405 

.00970 

- .07200 

333 

.777 

.25 

25.3 

.508 

.01 130 

-.00100 

335 

. 790 

.25 

25.7 

.478 

.01660 

- . 08200 






MACH NUMBER DISTRIBUTION 
TRANSITION EFFECT 
M = 0.73 a = -0.25 
Re = 3.8 x 10 6 



T.N. i. 

T.1/2D. 

TJX 



MACH NUMBER DISTRIBUTION 
TRANSITION EFFECT 
M = 0.73 a = -0.25 
Re = 5.9 x 10 6 
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T2 - TCT DATA COMPARISON 


- M = 0.765 Re = 4xl0 6 
fixed and free transition 
Total forces 

Pressure 

- REYNOLDS NUMBER EFFECT 

M = 0.76 -0 . 25* 


CAST 10 MODEL 

AND WIND TUNNEL CHARACTERISTICS 

- MODEL 

CRYOGENIC TECHNOLOGY 
CHORD : 180 mm 

POSSIBILITY OF MOUNTING IN THE T2. TWB, TCT TUNNELS 
EQUIPMENT : 103 PRESSURE HOLES (0 0.1 mm AND 0.3 mm) 
19 THERMOCOUPLES 


— WIND TUNNEL CHARACTERISTICS 


TUNNEL 

WALLS 

TEST SECTION 

Re x 10' 6 

T2 

ADAPTIVE 

0.4 x 0.4 m^ 

4-30 

TWB 

SLOTTED 

0.34 x 0.6 m^ 

4-12 

TCT 

ADAPTIVE 

0.2 x 0.6 m^ 

4-45 









TCT T.N. -T.D. M« .765 


RE = 4 . 106 


JP- 

TM.. 


NUM. MACH 
440 767 

31272 766 


ALPHA RE 
.98 4,0 

.95 4 0 


CZ CX 
.570 02048 
.675 .02453 




T2-TCT T.N. 


M* . 765 RE s 4 . 106 


NUM. MACH ALPHA RE 

T* 24 .766 -1.00 4.1 

_T SJ.— 3 1 269 .764 -1.02 4.0 


CZ ... cx 
.300 .00730 
377 .01042 


o 



AL = - 


CM 

- .09800 
- .09748 


-l.o- 




T2-TCT 


AL * - I 0 


TO. M= . 765 RE - 4 . 106 


NUM 

MACH 

ALPHA 

RE 

CZ 

CX 

CM 

270 

.765 

- 1 .00 

40.0 

. 199 

01080 

- . 05800 

438 

.771 

- .99 

4,0 

206 

.01 t93 

- 05952 




T2-TCT 

T.D 

M 3 . 765 

RE = 4 . 

106 

O 

< 


NUM 

MACH ALPHA RE 

CZ 

CX 

CM 

rz 

25 1 

.762 .00 40 

359 

Of 090 

- .05600 

_rrr_ 

439 

.766 -.01 4.0 

378 

01 197 

- .05732 
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T2-TCT TO M* . 765 RE=4.I06 AL*‘I.C 


NUM. 

MACH 

ALPHA 

RE 

CZ 

CX 

CM 

246 

765 

1 00 

4. 1 

,542 

.01580 

- 06300 

440 

.767 

.98 

4 0 

570 

.02046 

- 0666 1 



EVOLUTION OF THE LIFT COEFFICIENT 
WITH THE REYNOLDS NUMBER 
TRANSITION EFFECT 
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EVOLUTION OF THE DRAG 
WITH THE REYNOLDS NUMBER 

M = 0.76 a = 0.25 



COMPUTER CODES DESCRIPTION 


. POTENTIAL CODES 
(finite difference) 

- AP 27 

Inviscid flow : Garabedian and 
Korn method (nonconservative) 
Boundary layer : Michel method 
Weak coupling 
No wake computation 


- VISC 05 

Inviscid flow : Chattot method 

Boundary he Balleur method 

Strong coupling l 1 -* 

Wake computation . . „ 

Nonconservative or conservative options 
C type mesh 


NAVIER STOKES CODE 
(Veu i 1 lot-Cambier) 

Compressible N.S equation with constant 
total enthalpy 3 possible turbulence 
models (Michel, Baldwin Lomax, K“£) 
Explicit finite difference scheme 
Local time step 

Multigrid acceleration technique 
Far field boundary conditions treatment 
using characteristics relations 
C type mesh 
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THEORY - EXPERIMENT 
COMPARISONS 


- M = 0.765 Re = 21x106 
Total forces 

Pressure: free transition Cl~0.5 
Side wall B.L. effect simulation 

- M = 0.765 Re = 25x106 
Pressure: fixed transition Cl-~0.5 

- Mach number effect Re = 25xl0 6 
fixed transition 

Pressure 
Total forces 

- M = 0.73 Cl — 0.35 
fixed transition 

- Reynolds number effect 
M = 0.73 cx= -0.25° 

Total forces 


THEORY EXPERIMENT COMPARISON 
M = 0.765 Re = 21 x 10 6 



124 








COMPUTER CODE COMPARISONS 
Re = 15 x 10 6 



LATERAL WALL B.L.EFFECT 
FIXED TRANSITION 



6 7 8 9 10 


Re 

20 25 30 X 10 6 




THEORY - EXPERIMENT COMPARISON 


FIXED TRANSITION 




HUM. 

MACH 

ALPHA 

RE 

CZ 

cx 

CM 



1 

.765 

.25 

25.0 

.501 

.0129 - 

.09774 

* 

. 

332 

.766 

.25 

25.0 

.485 

.00970 - 

.07200 


T2 



THEORY-EXPERIMENT COMPARISON 


FIXED TRANSITION 




NUM . 

MACH 

ALPHA 

RE 

CZ 

CX 

CM 



21 

.766 

-.36 

25.0 

.404 

.00990 

-.09392 


♦ 

332 

.766 

.25 

25.0 

.405 

.00970 

-.07200 


T2 
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THEORY - EXPERIMENT COMPARISON 


FIXED TRANSITION 




mum. 

HflCH 

ALPHA 

AC 

cz 

CX 

cm 


, 

61 

.746 

.00 

24.7 

.842 

.00600 - 

.08768 

• 

• 

332 

.766 

• 25 

25.0 

.468 

.00970 - 

.07200 



N.S. CALCULATIONS 

FIXED TRANSITION 




MUM. 

HflCH 

ALPHA 

RE 

CZ 

CX 

CM 




102 

.768 

.28 

28.0 

.846 

.0136) 

.00000 

« 

« 

332 

.766 

.28 

28.0 

.408 

.00970 

-.07200 
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N.S. CALCULATIONS 


FIXED TRANSITION 



Him. 

HftCN 


H 

cz 

CX 

CH 


I os 

.760 

.00 

26.0 

.496 

.00967 

• 00000 

♦ 

. 332 

.766 

• 26 

26. 0 

.466 

.00970 

'.07200 



N.S. CALCULATIONS 

MACH NUMBER EFFECT 


Nun. 

nftCH 


RE 

CZ 

CX 

103 

,746 

.00 

26.0 

.493 

.00969 

I0S 

,760 

.00 

26.0 

.498 

.00967 

104 

.7S2 

.00 

26.0 

.604 

.00966 
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THEORY - EXPERIMENT COMPARISON 


FIXED TRANSITION 


NUfl . 

ARCH 

ALPHA 

RE 

Cl 

CX 

cn 

108 

• 7S0 

.00 

28.0 

■ 496 

.00967 

.00000 

$1 

.748 

.00 

24.7 

.842 

.00600 - 

.06768 

332 

.768 

.28 

28.0 

.468 

.00970 - 

.07200 



'LE BALLEUR* CALCULATIONS 

FIXED TRANSITION 


NUM. 

BACH 

ALPHA 

RE 

C2 

CX 

cn 

41 

• 7» 

-.38 

24.3 

.483 

.00760 - 

.06340 

42 

.780 

-.38 

24.7 

.473 

.00600 - 

.06723 

21 

.766 

-.38 

28.0 

.484 

.00990 - 

.09392 

43 

.777 

-.38 

28-2 

.448 

.01190 - 

.09128 

44 

.790 

-.38 

28. 4 

.394 

.01440 - 

.06782 
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le balleur' calculations 

FIXED TRANSITION 
(corrected Mach numbars) 


nun . 

n«CH 

W.rMfl 

n 

Cl 

67 

.71 1 

.00 

24.0 

.499 

68 

.792 

.00 

24.4 

.617 

61 

.746 

.00 

24.7 

.642 

69 

.769 

.00 

24.9 

.652 

70 

.772 

.00 

26.) 

.690 


ex cn 

.00760 -08164 
.00780 -.00970 
.00600 -.08765 
.00970 -.09469 
.01270 -.09727 



N.S. CALCULATIONS 

(corrected Mech number*) 


Nun. 

hflCH 

RL7NA H 

C 2 

ex 

109 

.719 

.00 26.0 

.462 

.00906 

106 

.794 

.00 25.0 

.479 

.00949 

105 

.760 

.00 26.0 

.496 

.00967 

107 

.761 

.00 26.0 

.619 

.0)116 

106 

.774 

.00 25.0 

.499 

.01461 
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C,M 

0.55- 


050 ' 


045H 


THEORY EXPERIMENT COMPARISON 
FIXED TRANSITION 



07 075 T 

I ■ T —A— 

0.7 0.75 \ 

— 1 , — — — 


T2 DATA 

LE BALLEUR 

Cofcutatiom 0=0 J5(e*perimenr C| AT M*CL76 
Cateuloiiom O(=0 (corrected Moch i>umb«rj 

N.S. 

— Calculation* 0<r0 (corrected Moch number) 

iC d 

r0.02 


hO.OI 


as 

~ ae 


I (corrected % LE BALLEUR* ) 
M (corrected ’N.5 *) 


THEORY-EXPERIMENT COMPARISON 

FIXED TRANSITION 




num. 

nfiCH 

ALPHA 

RE 

CZ 

CX 

Ctt 

— 


107 

.761 

.00 

25.0 

.513 

.oil IS 

.00000 


— „ 

69 

.759 

.00 

24.9 

.552 

.00970 

- .09453 

♦ 

♦ 

333 

.777 

.25 

25-3 

.508 

.01130 

- .08100 
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THEORY-EXPERIMENT COMPARISON 


FIXED TRANSITION 


nun . 

ttRCH 

BLPHR 

RE 

cz 

106 

.774 

.00 

25.0 

.499 

70 

.772 

.00 

25.1 

.530 

335 

.790 

.25 

25.7 

.478 


cx cn 
.01461 .00000 
.01270 -.09727 
.01660 - .06200 
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THEORY - EXPERIMENT COMPARISON 
LE BALLEUR’S METHOD 
FIXED TRANSITION 


** REC 0 C 0 FORT ESSAI M=0 o 73 I=-0.25 #* 


NUfl * 

MACH 

ALPHA 

RE 

CZ 

cx 

• #273 

.727 

-.25 

7.6 

.350 

.00990 

„ 1 

.7 27 

- • 25 

7.6 

.409 

.01367 

2 

.715 

-.25 

7.5 

.411 

.01139 




c n 


-.06400 
-.0 71 


-.072JJ 
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THEORY - EXPERIMENT COMPARISON 
WEAK COUPLING METHOD 


* REC.C.FAIBLE 


ESSAI M=o73 I =- o25 ■■ 



HUM. 
27 3 
1 

2 


MACH ALPHA 
.727 -.25 

,727 -.25 

.705 -.25 


R£ 

Cl 

CX 

CH 

7.6 

.350 

.00890 

-.06400 

7.6 

.529 

.00987 

-.09251 

7.6 

.498 

.00953 

-.08754 




CONCLUSIONS 


1) 12 DATA 

. CAST 10 AIRFOIL VERY SENSITIVE TO : 

- TRANSITION LOCATION 

- MACH NUMJER 

- REYNOLDS NUMBER 

. T2 DATA VERY NELL DOCUMENTED AT LON AND 
MEOIUM REYNOLDS NUMBERS 

. T2 DATA SHOWS LARGE EXTENT OF LAMINAR 
FLOW UP TO Re 10 

. TRANSITION LOCATION DISPLACEMENTS CONTROL 

- Cl. CO EVOLUTIONS VERSUS AMU OF ATTACK 

- Cl. CO EVOLUTIONS VERSUS Ri NUMJER 

2) T2 - TCT DATA COMPARISONS 

. TCT DATA SHOW LESS LAMINAR FLOW THAN T2 
AT THE SAME Re NUMBER 

. FIXED TRANSITION DATA SEEMS TO CORRELATE 
CORRECTLY 

. MORE COMPARISONS ARE NEEDED AT HIGH Re NUMBER 

3) TEST - THEORY COMPARISONS 

. CORRELATIONS ARE POOR USING THE SAME 
MACH NUMBER 

. SIDEWALL B-L CORRECTIONS IMPROVE COMPARISONS 

. NS COMPUTATIONS (WITH CORRECTED MACH NUMBERS) 
GIVE GOOO CORRELATIONS FOR : 

- Cl. CD 

- PRESSURE 


VERSUS MACH NUMBER 




